Introduction {#sec1}
============

Gunshot wounds to the face present serious challenges to the oral and maxillofacial surgeons. These injuries result from assaults, accidents or suicide attempts. In contrast to blunt facial trauma, ballistic injuries result in significant bone and soft tissue loss, whose severity is not always apparent at initial presentation. Reconstruction of these defects is often complicated by tissue ischaemia, necrosis and infection.[@bib1], [@bib2]

Ballistic injuries can be classified as low-velocity or high-velocity. Generally, low-velocity injuries are from projectiles travelling at less than 1200 feet/s. High-velocity missiles are those travelling at greater than 1200 feet/s. The degree of surrounding tissue injury from a gunshot wound is related to the mass of the projectile and the square of its velocity (kinetic energy = 1/2 mv^2^).[@bib3] Low-velocity injuries cause limited damage along the missile path and result in little bone and soft tissue loss. These are generally treated similarly to blunt facial trauma, with limited debridement, immediate bony reconstruction and primary soft tissue closure.[@bib4]

High-velocity weapons, including rifles or close-range shotgun blasts, inflict considerably significant damage. In addition to the initial cavity created by the bullet path, an evolving pattern of tissue loss is observed, with resultant bone and soft tissue loss for several days or weeks.

Wounds are frequently contaminated with oral secretions and foreign materials, resulting in a complication rate as high as 39%.[@bib5] Close-range gunshot wounds have a reported infection rate of 100%.[@bib6] Traditional treatment of these injuries involves initial wound debridement and soft tissue closure without replacement of lost bone.[@bib1], [@bib7]

Soft tissue injury, which could not be closed primarily, is allowed to be healed by secondary intention. Bony reconstruction is addressed secondarily, which often results in significant scar contracture and suboptimal cosmetic and functional outcome.

The past 10 years have seen a shift away from delayed treatment of these injuries towards immediate definitive reconstruction. This has been largely due to the increased use of free tissue transfer which allows importation of well vascularized bone and soft tissue into the wound.[@bib7] Early transfer of vascularized tissue helps restore the bony and soft tissue framework while minimizing scar contracture.[@bib8], [@bib9] Reconstruction of facial gunshot wound should proceed in a staged fashion to optimize form and function.[@bib10] Our algorithm involves two phases, each with specific goals ([Table 1](#tbl1){ref-type="table"}). The two phases are the initial encounter and the definitive reconstruction.

Case report {#sec2}
===========

Case 1 {#sec2.1}
------

An 18-year-old male reported to the casualty department of Guwahati Medical College & Hospital at 6:00 p.m. on December 6, 2012, referred from Bongaigaon Civil Hospital, Assam, approximately 4 h after sustaining a bullet injury on the face. The patient was shot with the hand gun at a very short distance. The bullet entrance wound was in right submandibular region. Possible exit wound for the bullet could be identified on left submandibular region. The patient was fully conscious, well oriented to time, place and person. His vital signs were within normal limits. On inspection, there were submandibular lacerating injury marks on both sides of mandible, multiple fractured segments visible in mandible on both sides. The patient was unable to close and open the mouth ([Fig. 1](#fig1){ref-type="fig"}A and B).

Provisional diagnosis was displaced right and left mandibular body fracture and middle symphysis fracture. Initial debridement of the lacerated non-vital soft tissue wound was done under local anaesthesia and soft tissue closure was done primarily where it was possible and within limits. The patient was then admitted in our ward and planned for operation under general anaesthesia and all the necessary routine investigations were advised along with orthopantomogram (OPG) ([Fig. 1](#fig1){ref-type="fig"}C), paranasal sinus X-ray (PNS) and CT scan ([Fig. 2](#fig2){ref-type="fig"}A).

In the operation room, surgical site was prepared and submandibular incisions were given bilaterally along the already lacerated wound which was connected in the midline ([Fig. 2](#fig2){ref-type="fig"}B). Facial artery and vein were identified and ligated. Fracture site was exposed and after careful exploration, bullet fragments/pellets were removed. A 4.0 cm × 1.6 cm × 1.5 cm anterior iliac crest graft was harvested and then divided into two halves, which were placed at the avulsed site on both sides of body of mandible: the left graft was stabilized with 2-hole miniplate with gap and 2 mm × 6 mm screws along with a reconstruction plate and the right graft was stabilized with reconstruction plate alone ([Fig. 2](#fig2){ref-type="fig"}C).

One week after operation, the patient had infection in surgical wound on right body region of mandible, which was managed with intravenous antibiotics for 1 week. The healing was uneventful and good bone formation was apparent radiographically 2 months later ([Fig. 3](#fig3){ref-type="fig"}).

Case 2 {#sec2.2}
------

A 12-year-old male patient was admitted the casualty department of Guwahati Medical College and Hospital, Guwahati, approximately 8 h after sustaining a bullet injury on the face.

Entry wound was in the anterior mandibular alveolar region. During history taking, the patient revealed that the bullet fell outside the mandible after the impact through an exit wound present intraorally in the anterior mandibular region. After necessary CT/OPG ([Fig. 4](#fig4){ref-type="fig"}A) and general anaesthetic investigations, the patient was scheduled for surgical stabilization of mandible fracture under general anaesthesia. After fixation of arch bar, although the occlusion was not deranged, maxillomandibular fixation was performed. Comminuted fracture was fixed using a 2.0 mm continuous plate ([Fig. 4](#fig4){ref-type="fig"}B and C).

Case 3 {#sec2.3}
------

A 30-year-old male reported to the casualty department of Guwahati Medical College and Hospital, Guwahati, approximately 2 h after sustaining a bullet injury on the face.

The patient was shot with an indigenous made hand gun held from a short distance. The bullet entrance/exit wound was in left mandibular parasymphysis region ([Fig. 5](#fig5){ref-type="fig"}A and B). There was no derangement in occlusion. After necessary investigation, surgical exposure of fracture site was performed under general anaesthesia, and fixed using 2.0 mm continuous plate and lag screws ([Figs. 5](#fig5){ref-type="fig"}C and [6](#fig6){ref-type="fig"}).

[Table 2](#tbl2){ref-type="table"} summarizes the main information of the above-mentioned three cases of gunshot injuries.

Discussion {#sec3}
==========

Bullets crushes structures along its track, causing temporary cavitation, shearing and compression, sometimes tears the structures (as with solid abdominal viscera) or stretching inelastic tissue (the brain). As tissues recoil and hot gases dissipate, soft tissue collapses inwards, and hence, a permanent cavity is formed. Additionally, kinetic energy transfer occurs during retardation of the bullet and this may cause damage outside the tract. Factors influencing the efficiency of kinetic energy transfer include the kinetic energy of a body, proportional to mass and velocity, projectile\'s deformation and fragmentation, entrance profile and path travelled through the body and biological characteristics of the tissues.[@bib11]

The maxillo-facial gunshot injuries are associated with a high mortality rate. The severity of these injuries varies depending on the calibre of the weapon used, distance, the mass and velocity of bullet (low velocity, less than 1000 feet/s and high velocity, more than 2000 feet/s). High-velocity injuries have traditionally been assumed to cause more damage than low-velocity ones have, an assumption that is still under dispute. A close-range, high-velocity gunshot wound can result in devastating facial disfigurement and disability in those who survive.

Airway management is a major concern in patients with maxillofacial ballistic injuries because a compromised airway can lead to death. Although there are many options to secure airway, each has specific indications, and the choice ultimately depends on the patient\'s situation and the expertise of the trauma team.[@bib12], [@bib13]

In general, endotracheal intubation is usually not a viable option in cases of profuse bleeding from oronasal cavity. Cricothyroidotomy, tracheostomy or percutaneous needle tracheostomy are preferred to secure airway in emergencies. Other procedures for consideration are the submental or submandibular intubation techniques, which can provide a clear field for facial surgeries. Hollier et al[@bib13] had shown that 21% of patients requiring tracheostomy had lower third facial injury.[@bib14] This can be due to intraoral bleeding which prevents endotracheal intubation, distortion of oropharyngeal anatomy, and the fear of oedema compromising airway. All three cases were intubated nasotracheally because all cases involved trauma to mandible only. Tracheostomy was not required in all the three cases.

An early and comprehensive surgical management of soft tissue at the first stage with less aggressive debridement can decrease morbidity. A primary closure or local flaps are preferred over secondary healing as it may cause excessive scarring. Fractured bone pieces should be aligned if attached to muscle and periosteum, and the plat fixation should be done according to the AO/ASIF principles of rigid fixation. Immediate bone grafting should be considered provided soft tissue is adequate to achieve a watertight closure.[@bib15], [@bib16]

In our cases, the patients were treated in two stages. First, we accomplished wound debridement by removing nonviable tissue, loose bone fragments, loose and irrevocable teeth, and retrieval of superficial pellets under local anaesthesia followed by primary wound closure. Arch bars were placed and surgical reconstruction was done under general anaesthesia.

In gunshot wound injury, restoration of continuity of mandible is the most frequent requirement. Defects of mandible occur rarely after civilian trauma or road traffic accident, and bone graft is required only for malunion/non-union. Injury to lower 1/3rd of face as demonstrated in this case results in avulsion of mandible and associated soft tissue loss. Sometimes extent of soft tissue injury is much that available soft tissue bed for future bone graft is unfavourable in terms of bulk and vascularity, which is different from the cases which needed bone graft after resection of part of jaw for benign neoplasm.

It has been demonstrated that early surgical debridement plays an important role in minimizing the ultimate loss of tissue.[@bib17] Entry and exit wounds can be closed primarily following careful debridement and extensive irrigation. Owing to the excellent blood supply in the head and neck, primary closure is the treatment of choice.[@bib18] Only obviously nonviable tissue should be removed along with debris. Fractured un-restored teeth with pulp exposure, which are of no use in immobilization of the fracture, may be extracted provided that the removal causes no loss of alveolar bone. If retention of such teeth is necessary, endodontic therapy or extraction should be considered 4--6 weeks after bone consolidation.

At the second stage in case 1, mandibular defect was reconstructed using the iliac crest graft through an extraoral approach. Free microvascular tissue grafts are also preferred for implant placement several months later to reduce graft bone resorption.[@bib16]

Literature showed that retrieval of metal debris is important because the lead is soluble in serum and systemic lead toxicity has been reported as early as 2 d after injury.[@bib19] However, some authors also pointed out that if the bullet/fragments are lodged deep within the soft tissue with no functional deficit or major aesthetic defect, it could be left in place. If the wound becomes grossly infected or causes significant discomfort, surgical intervention is initiated with removal of the bullet and debridement of the wound if required.

Antibiotics play a major role in preventing infections in both hard and soft tissues after primary closure of class IV wounds. Appropriate wound debridement, immobilization and fixation, detailed wound closure, drainage and maintenance of clean dressings, nutrition and circulating fluid volume are equally important. The haemodynamics of the patient should be addressed as the oxygen-carrying capacity influences both wound healing and prevention of infection.[@bib17], [@bib18] The penetrating injuries to the face can cause minor or major devastating consequences. The general condition of the patient, timing and treatment sequencing, extent of damage, proper reconstruction method and rehabilitation are helpful for the final functional and aesthetic outcome.[@bib16]

Even with a comprehensive primary management approach, penetrating maxillofacial injuries are associated with a significant number of residual problems. The majority of these, however, can be addressed as an outpatient basis.[@bib20] Treatment options necessitate clinical judgement and no strict protocol can be uniformly applied to all patients. With the antibiotics and surgical hardware at hand, the majority of maxillofacial penetrating injuries can be treated definitively at the time of debridement when the general status of the patient permits and when this is in the best interest of the patient.

Immediate basic life support, fluid resuscitation and appropriate management of soft and hard tissue damage can stabilize the patient\'s condition. Early operative repair of facial fractures resulting from blunt trauma and reconstitution of soft tissue is critical for obtaining an optimal result, which could be done with rigid fixation techniques. Fixation failure may result in bone displacement, scarring of soft tissue, even bone defect. If hard tissues are found to be scattered and displaced rather than be avulsed, the location and stabilization is better than aggressive debridement, which devitalizes and strips the fragments from their attachments in fear of sequestration. Thus proper timing and staging of operations, minimizing secondary revisions and prevention of revision operation are of utmost importance in this respect.[@bib17]
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![A: Preoperative photograph of the patient with lacerating injury marks in the lower part of the chin. B: Multiple fractured segments visible in mandibles on both sides. C: Preoperative orthopantomogram view showing bilateral mandibular body fracture with middle symphysis fracture. Multiple radioopaque loose bony fragments and foreign pellets are seen around right side entry and left side exit wound region.](gr1){#fig1}

![A: CT scan in faciomaxillary region with three-dimensional reconstruction. B: Intraoperative exposure of the fractured mandible due to gunshot wound. C: Reconstruction plate placed from body to body of mandible.](gr2){#fig2}

![Orthopantomogram at postoperative 2 months with illiac crest bone graft stabilized with reconstruction plate on right side and 2.0 mm miniplates on left side. Multiple radioopaque foreign pellets are seen in bilateral mandibular body region.](gr3){#fig3}

![A: CT scan of the patient showing comminuted fracture of mandible. B: Surgical exposure of fracture segments. C: Fixation of fractured segment with 2 mm continuous plate.](gr4){#fig4}

![A: Extraoral view of the patient with gunshot injury. B: Three-dimensional reconstruction of CT faciomaxillary region. C: Adequate reduction of bone segments and fixation of fractured segments with 2 mm continuous plates and a lag screw.](gr5){#fig5}

![Postoperative orthopantomogram after 1 week.](gr6){#fig6}

###### 

Algorithm of reconstruction after gunshot wounds or severe avulsive trauma to the face.[@bib10]

  ---------------------------------------------------------------------------------------------
  **Phase I: the initial encounter**
  CABs of trauma management per ATLS protocols
  Identification of life or limb-threatening injuries and stabilization of patient
  Imaging once patient stabilized
  CT scan head region to rule out head injury
  Initial operating room management
  Management of intracranial, ocular, and other life or limb-threatening injuries
  Establishment of occlusal relationships
  Debridement of foreign material and obviously nonviable tissue
  ORIF of midface/mandibular fractures when adequate bone stock available
  **Phase II: the definitive reconstruction**
  Planning of definitive bony and soft tissue reconstruction
  Importation of adequate soft tissue to allow cosmetic contouring
  Reconstruction of major mandibular and maxillary defects
  Free bone graft reconstruction of midface, upper face, nasal profile and peri-orbital area.
  Adequate soft tissue coverage of underlying bone, internal and external defects
  ---------------------------------------------------------------------------------------------

Note: ATLS: advanced trauma life support; ORIF: open reduction and internal fixation.

###### 

Summary of the three cases.

  Case No.   Age   Injury                                            Treatment                                                                                               Follow-up
  ---------- ----- ------------------------------------------------- ------------------------------------------------------------------------------------------------------- -----------
  1          18    Avulsed right and left body segment of mandible   Debridement of wound, followed by reconstruction with iliac crest bone graft and reconstruction plate   3 mon
  2          12    Middle-symphysis fracture                         Open reduction and fixation using a 2.0 mm continuous plate                                             2 mon
  3          20    Left parasymphysis fracture                       Open reduction and fixation using a 2.0 mm continuous plate and lag screws                              2 mon

Note: Case 1 had postoperative complication of surgical wound infection.
